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HJNCTTONALIZED POLYMERS FOR SITE-SPECIFIC ATTACHMENT 

INTRODTTrTTON 

Technical PiV lrf 

The present invention relates to the preparation of functional 
polymers. More particularly, the present invention relates to reagents a*d methods 
for the s.te-specific chemical modification of target molecules, e g 
biomacromolecules, particularly bioIogicaUy important polypeptides, and other 
polyd.sperse macromolecules such as plastics (e.g., polyethylene or nylon) by 
means of covalent attachment of functional polymers, particularly polygene 
oxide polymers. 

Background 

Preparations of polyethylene glycol-modified polypeptides have 
reduced immunogenicity and antigenicity and also have a longer lifetime in the 
bloodstream as compared to the parent polypeptides (Abuchowski and Davis (1981) 
Enzymes as Dmgs", Holcenberg and Roberts, eds.. p P 367-383, John Wiley & 
Sons, N.Y.). These beneficial properties of the modified polypeptides make them 
very useful in a variety of therapeutic applications, such as enzyme therapy To 
effect attachment of polyethylene glycol ("PEG") to a protein, the hydroxyl end- 
groups of the polymer must first be converted into reactive functional groups This 
process is frequently referred to as "activation" and the product is called "activated 
PEG. Methoxypolyethylene glycol ("mPEG") derivatives, capped on one end 
wtth a protecting group and bearing 0 „ the other end an electrophilic that is reactive 
towards amines on a protein molecule have been used in most cases. One of the 
most common form of activated PEG used for preparation of therapeutic enzymes is 
(ethylene glycol) succinoy,-N-hydroxysuccinimide ester (Abuchowski 
et al. (1984) Cancer Biochem. Biophys. 7:175-186). However, one major 
drawback is that ester linkage between the polymer and succinic acid residue has 
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typically cumulative as derivatization is carried to completion. Typically, increasing 
the number of polymers per molecule of polypeptide using the methods above very & 
often decreases sterically the accessibility of the active site and thus diminishes 
biological activities possessed by the unmodified polypeptide. Polyethylene glycol 
modified TNF-of is a typical example where extensive modification resulted in the 
complete loss of bioactivity (Tsutsumi et al. (1994) Jpn. J. Cane. Res. 85, 9-12). 

In light of the many potential applications of polymer conjugated 
molecules, and particularly in view of the art's focus on PEG-polypeptides, there is 
a need in the art to increase the repertoire of functionalized polymers for use in 
modifying target macromolecules or materials, such as surfaces. Accordingly, there 
is a need in the art for functionalized polymers in addition to functionalized PEG, as 
well as methods for allowing one to overcome the disadvantages inherent in and 
observed for the current methods of polymer attachment, both for medical and non- 
medical uses. For example, there is a need in the art to provide functionalized 
polymers that are capable of coupling to residues of target molecules, e.g. amino 
acid residues of polypeptides, without drastically altering the charge present on the 
residue or without introducing groups at locations likely to interfere with the 
binding properties of the target molecule, and that are attached through linkages that 
are stable under a variety of conditions, particularly physiologicaUy relevant 
conditions. Thus, a need exists for reagents and methods for constructing 
homogeneous preparations, of easily synthesized macromolecules of defined 
structure having stable ligation linkages, wherein these reagents and methods 
provide ease, rapidity and mildness of synthesis; essentially quantitative yields; 
versatility in design; and applicability to construction using a diversity of 
biochemical classes of compounds. The reagents and methods provided in the 
present invention provide meet these needs and others as well. 

S UMMARY OF THE INVFNTfON 
The present invention provides methods and compounds for site- 
specifically, chemoselectively modifying inder mild conditions a target 
macromolecule, such as proteins, peptides, other organic compounds such as 
plastics, or surfaces containing macromolecules, with an amino-oxy or aldehyde (or 
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present on a functionalized polymer of the invention, reacting the functional 
target macromolecule with the functionalized polymer such that an oxime bond is 
formed between the first and second functional groups. 

Multi-polymer^ontaining amino-oxy-functionalized or aIdehyde(or 
ketonO-funcUonalized polymer constructs are also provided that allow site-specific 
chemoselective ligation under mild conditions of the construct (and thus all of its ' 
polymers) to a single site on a target macromolecule via an oxime bond. Families 
of functionalized polymer constructs are also provided whe rein each construct 
drffers m topology but not in molecular weight (average) from the others in the 
same family. Methods for their use include the systematic modification of a target 
macromolecule to rapidly create a family of target molecules, preferably 
biologically important proteins, differing in topology but not molecular weight, from 
wluch famUy can be identified macromolecu.es having desired biological or physical 
property such as enhanced pharmacokinetic behavior, n* present invention thus 
pixmdes methods for systemadcally modifying the Stokes radius of a target 
macromolecule, which method includes the steps of conjugating a functionalized 
target macromolecule with a series of functionalized polymers of the invention 
preferably the multi-polymer-containing functionalized polymers, in separate ' 
reasons, and then determining the effect of conjugation on the Stokes radius In a 
preferred embodiment of this aspect of the invention the pharmacokinetic behavior 
of a target macromolecule is systematically modified. 

Kits are provided with appropriate reagents for carrying out the 
methods of the invention. 



BRIEF DESCRIPTION DP m n P A^ rf; . 

Figure 1 depicts an SDS-PAGE gel under non-reducing conditions 
showmg the migration of conjugates of oxidized 11-8 with different functionalized 
PEG polymers. In all cases a single derivative was obtained in the conjugate 
reactton. Lanes I, 3, 5, 7: Result of 20 hour incubation of oxidized IL-g with 
functionalized AoA-PEG JkB> AoA-PEG 1(W) , AoA-PEG JOU> , and AoA-N-(PEG 3U))j 
respectively. AoA-N(PEG 3tB ), is (PEG^CONH^H^CH^-NH-AoA ' 
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Place of the Il-lra (also designated herein as "AntriT (from Synergen, Inc.)) and 
derivatives. The dispersion of the means is not unusual in this assay. For clarity 
. the dose-response curves for the three Antril derivatives were plotted separately ' 
(dotted Lnes and error bars), each time with the same standard curve obtained with 
Antril (solid line and error bars). 

Figures 6A and 6B depict pharmacokinetics of PEG IOkD -IM ra (Figure 
6A) and PEG^-H-lra (Figure 6B) in rats, compared with that of unmodified 
Il-lra. For clarity, the results with the two derivatives are plotted separately (dotted 
Unes), each time with the same set of results obtained for unmodified Antril (solid 
line). Blood samples were collected at 3, 1Q, and 30 minutes and at 1, 3, 7 12 and 
24 hours. Each point represents a single determination with a single animal ' I„ 
case of unmodified Antril, a slow rise in blood levels after an initial decrease could 
be shown between 30 and 180 min. Such an unexpected behavior was not observed 
w.th other investigated proteins used under the same experimental conditions 
Animals that showed clear evidence that some or most of the injection had missed 
the tad vein and had been deposited subcutaneously (excessive radioactivity 
remain"* at the injection site followed by a slow rise in blood levels after an initial 
decrease rather than the usual biphasic, exponential-like decrease) were discarded. 

Figure 7 depicts pharmacokinedcs of 11-8, PEG JOkD -H-8, 11-8-PEG 
H-8and(PEG :0U) ) 3 Lys-Il-8. Blood samples were collected at 3, 7 15 and 30 
minutes, and at 1, 3 and 7 hours. Each point represents the mean' value or four 
animals. The dumbbell and the multiarm constructs appear as the most effective 
conjugates for improving the lifetime of 11-8 in the bloodstream. 

PESCRIPTTON OF SPFrnrc FMTtnnnwrcKr^ 

The subject invention provides novel modifying reagents that are 
ammo-oxy derivatives of polymer, preferably water-soluble p 0 ,y me rs such as PEG 
«•*. polyethylene glycol. The reagents of the subject invention may be used to ' 
covalently attach a variety of polymers to target macromolecules of interest. 

An important advantage of the subject invention, particularly in the 
case of b.ological important macromolecules such as polypeptides, is that target 
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functional^ target macromolecule. Generally, the PEG or POG (i e 
polyoxyethylated glycerol) molecule is activated or fictionalized by attaching the 
reacuve group to a terminal hydroxyl groups and then the rationalized polymer is 
covalently conjugated to an aldehyde group that has been site-specifically introduced 
into the target molecule. In sharp contrast to typical previous methods of 
conjugations where conjugation may occur betweeu any reactive amino acids on the 
protem, the reactive amino acid is typically lysine, and lysine is linked to the 
-ctive group on PEG or POG through its free e-amino gr0 up, * fonctionalized 
polymer reagents of the invention are site-specifically attached via a stable oxime 
linkage to a single, pre-chosen, site on the target molecule. 

A "target macromolecule" as used herein refers to an organic 
molecule (which includes molecules of biologic origin as well as organic molecules 
w,th morganic components) having a molecular weight of at least 500 more 
Preferably of at least 2000, even more preferab.y at least 5000, most preferably at 
east 10,000. A "functionated target macromolecule- is a target macromolecu.e 
that has been modified site-specifically to contain an oxime-forming factional 
group. T„ e target macromolecu.e can be derived from natural, recombinant sources 
or can be synthetic. 

The term water-soluble functionalized polymer reagent as used herein 

refers to a water-soluble polymer modified so as to contain a functional group that 

provrdes for the site-specific conjugation of the water-soluble polymer to a target 

macromolecule through an oxime IMage. By the methods of the invention, target 

macromolecules are site-specifically modified to contain a functional group that is 

complementary in oxime-forming reactivity with the amino-oxy or aldehyde 

rational group introduced onto the polymer, preferably at one of its termini (or in 
h 0 a Mncaoazl poIymef ._ at ^ Qf ^ tennini) ^ ^ ^ 

oluble polymer agents that can be coupled site-specifically to a polypeptide at an 
-no acrd residue, preferably at the C- or N- terminus, it becomes pZle to 
conjugate water-soluble polymers to proteins without substantially adversely 
affectmg the biological activity of proteins that would be adversely affected throuoh 
muluple couplings at amino acid residues located throughout the protein 
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polymers of interest preferably have hydroxy groups appended to the polymer 
backbone that are convenient sites for realization and may be selected from 
known water-soluble polymers including but not limited to: (a) dextran and dextran 
derivatives, including dextran sulfate, P-amino cross linked dextrin and 
carboxymethyl dextrin, (b) cellulose and cellulose derivatives, including 
methylcellulose and carboxymethyl cellulose, (c) starch and dextrines and 
derivatives and hydroylactes of starch, (d) polyalklyene glycol and derivatives 
thereof including polyethylene glycol, methoxypolyethylene glycol, polyethylene 
glycol homopolymers, polypropylene glycol homopolymers, copolymers of ethylene 
glycol with propylene glycol, wherein said homopolymers and copolymers are 
unsubstituted or substituted at one end with an alkyl group, (e) heparin and 
fragments of heparin, (f) polyvinyl alcohol and polyvinyl ethyl ethers (g) 
polyvinylpyrrolidone, (h) ^- Po ly [(2-hydroxyethyl)-DL-aspartamide (i) 
polyoxyethylated po.yols, and (j) polynucleotides, including deoxyribonucleotides 
ribonucleotides, and their phosphate-backbone-modi/ied derivatives e g 
Phosphorothioate derivatives. Preferred polynucleotides are those oUgonucleotides 
of homology to biologically important polypeptides, preferably of viral or 
mammalian origin, and can include antisense sequences. 

Water-soluble polymer reagents include but are not restricted to 
polypropylene glycol ("PPC"), polyoxyethylated polyo, ("POP"), heparin, heparin 
fragments, dextran, polysaccharides, polyamino acids including proline, polyvinyl 
alcohol ("PVA"), and other water-soluble organic polymers. T* water-solul 
polymer reagents of the subject invention include amino-oxy derivatives of 
polyethylene glycol homopolymers, polypropylene glycol homopolymers 
copolymers of ethylene glycol with propylene glycol, wherein said homopolymers 
and copolymers are unsubstituted or substituted at one end with an alkyl group 
polyoxyethylated polyo,, polyvinyl alcohol, polysaccharides, polyvinyl ethyl Irs 
an c^-Poly [(2-hydroxyethyl)-DL-aspartamide, and other water-soluble organic ' 
polymers. U.S. Pa, No. 4,179337; U.S. Pa, No. 4,609,546; U.S. Pat No 
4,261,973; U.S. Pa, No. 4,055.635; U.S. Pat. No. 3,960,830; U.S Pat No 
4,415,665; U.S. Pa, No. 4,412,989; U.S. Pat. No. 4.002,531; U.S Pat' No' 
4.414,147; U.S. Pa, No. 3,788,948; U.S. Pa, No. 4,732,863; U.S P at ' No 
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The spacer group X is optionally present. This invention provides 
functionalized polymers in which the complementary reactive group capable of 
oxime-linkage formation is an amino-oxy group. Preferred is amino-oxy-acetyl 
("AoA"). In fact, additional structure (X or spacer group) can be used which 
connects an amino-oxy group to the polymer of interest. The spacer group X 
represents a non-reacting group comprising substituted or unsubstituted, branched or 
linear, aliphatic or aromatic groups such as phenyl or C,-C ie alkylene moieties, 
C,-C l0 allcyl groups, or a combination thereof, or an amino acid chain (such as a 
flexible hinge or loop sequence (see for example Argos, J. Mol. Biol. (1990) 
211:943-958), or a nucleotide chain or a sugar chain or a lipid chain or a 
combination thereof and may contain heteroatoms. In the preferred embodiments of 
P-X-ONH,, X comprises -CH r or -CHOH-, or more preferably -CO-CH,- or -NH- 
CO-CH,-. For example, in Example 1 below, X is -NH-CO-CH,- in the formula 
for AoA-MPEG: C^-O-^CH.OnCH^-NH-CO-CH.-O-NH,. When an 
amino-oxy group is on the functionalized polymer groups present in the additional 
connecting structure (spacer groups) adjacent to the amino-oxy function are not 
critical; however, a requirement of these spacer groups is that they do not interfere 
with the formation of the oxime linkage between the amino-oxy and its 
complementary aldehyde group. They should not react in preference to the 
amino-oxy group with the aldehyde, nor provide steric hindrance to the reaction, 
nor deactivate the reactive groups. Where the conjugated polymer is to be usedfor 
antigenic or immunogenic purposes, it is apparent to one skilled in the art that 
spacer groups are chosen that are not themselves strongly immunogenic. Where the 
conjugated polymer is to be used for binding purposes, the preferred spacer group 
enhances or at least does not interfere with properties such as binding, avidity, 
product stability or solubility. 

The spacer group X can be chosen to enhance hydrolytic stability of the 
oxime linkage. The hydrolytic stability of oximes is influenced by their structure; 
data indicate that oxime stability increases in the series: 
-CO-NH-CH^CH^N-O-CH,- <; -CO-NH-CH 1 -C(R)=N-0-CH 1 - < 
-NH-CO-CH-N-O-CH,- < -C^-CI^N-O-CH,-. Increased oxime stability may 
be obtained with the presence of aromatic groups in X. 



WO 96/41813 



PCT/IB95/01175 



14. 
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oxime-formmg groups Hetem h- . "te-specific 

«, groups. Hetero-duuers can be formed when the first a „H c , 

"'^ - ««— *« c M oo f orratd 

^ to - - — * *-« 

">««, of u» prKeot lnVCTtioni ^ 

emhoH- homogeneous composition. Preferred 

moments of the bi-functional po.ymer contain two ammo-oxy ace^ (A a\ 
group, Particularly preferred is AoA-PEG-AoA where PEG o H ' 
comprise the polymer moiety. * * dCnVaUves 

In additional embodiments of the invention the oxygen atom of th • 
oxy group can be replaced with a Sl ,]nh„ , ^ en atom of the ammo- 

ligation with an , U [ 7 ' ' " ^ ^selective 

g W " h ** or ketone functional group on a tareet ma , 

-ould yield a thio-oxime bond . C (R)- N S —romolecule 
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In another embodiment of the invention bi- and molu-polymer-cotnainin. 
functions po.yn.en am provided. Functional^ polymers of these' 
embodtments have the general formulas 

■ (P).L-X-6-NH, 
or 

<P)J^X-C(E)0 

where P is an organic polymer as defined herein, m is a, tateser from 2 ,„ ,„ 
more preferabiy 2 ,„ 5, X is a spacer gronp as defined herein. -O-NH, is ammo- 
oxy -CW is aldehyde when R is hydtogen, and L is a mnW-vamn, linking ^ 
» whrch each P (m m number) „ sepmtely ^ ^ 

valency of L is at leas. nt + l. When -C<R)0 is a ketone, R is p refenlbly C1 . C10 
more preferab.y C, to C4, tinear or bntncheti aJky, w ,„ ^ ^ „, ' 
Ketone functional^ po,^, sroups prKen[ fc fc x ^ ^ ^ 

aldehyde or ketone fiction are no, cntical; however, a requirement of these groups 
- do no, interfem with „,e fonMUon of oxfaK ^ ^ ^ 

aldehyde and i,s complementaot amino-oxy g roup . ^ shou|d „, ^ h 
Presence to a. aidehyde group with me ammo^y, „ or provide s(Kic 
tite reaction, no, deactivate me mactive grcops. ^ connectins ^ 

uTdes W 'M °' her fMC,i0nS ^ * * ^ '° * " *" *" « * - » - 
tmdestrable way (,.e., a wa, which reduces product homogeneity or activity, ^ 

™ Prcferab ' y ~ * — «« troup comprising substituted o, 
unstated abphatic or aromatic groups snch as phenyl or C,-C,„ alkylene 
moteties, c c „ alky, groups. or . mnMmam ^ „ m ^ ^ 

,0 ° P '** ** '' M0 '- ** 

Om 2,1:943-953). or a nndeotide chain or a sogac chain or a Upi d chain or a 

combtnation thereof and may contain heteroatom, Pmferamy when the oaime- 

TZ7" r ^ ^ " X " C(R)0 ' X " 3 «•**« -CH,-, -CO- 

1m 1" Prcferab ' y ' C ' H '- **" ^ «" » - ^ace, 

compnsing OHC-CO- o, glyoxylyl (-GXL-). 

in additional embodiments of the invention the oxygen atom of the amino- 
oxy gnsup can be replaced with a sulphur atom, in which case reaction with an 
aldehyde or toone fimCKmal group w0llId yWd , ^ 
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single oxime luikage via the -O-NH, or -CWn „ 
muW-valentL structure An,; * Wl ° r CH0 8 r °«P attached to the 

Accordingly th*> h; . . ' m acromolecular. 

•"vale™ groop , „ „ 2 (see ^ L 

■»+!, «h erein one vale„ cv of , Pn!fen "" v "» valence of L is 

^X.an.urere^^r.r^^^^ 
Powers. The arechsre of ' T""* 1 *" * ~ or more, ,, m . 

-»on. nor oeaeovare «. reactive 6TOp! L " * T" — 
»— ■ Bach a™ or vaiency of ^ ~ ~" "* "» *«- 

P-fa*ly comprise* a non-reacina ™ tauonalized poiymer 

-W* or areraauc e "ZZ 'T^' " 
fiiuups sucn as phenvl nr r n .n . 

-* troops, or a eorebinaUon .hereof « 7 °"* efe ' C '- C » 

»- or loop aeooe^e (see Z , "* ** ^ « • 

-» -main heroes pL *" ^ °' ' «-"-*» .here,, Md 
- - or va,ncy of l ^ ^ ^ • an „ 

> «°»P on ,he ^ ^ « •« « «. vtffa* wilh 

■raining valency is p rotecl(:d for , , ' ^ 31 * P 01 !™"- «™bns. The 

r * • ™~ - Poorer L^T^l *~* 

immunogenic purposes it f ° r antl 8 cnic or 

purposes, it is apparent to one skiUed in the art 

chosen that are not themselves stron.i • ' ^ grou P s a * 

-Jugate is to be used ™"* * ^ 

- least does not J^C^T ~ ^ — « 

Itft P ro Perues such as binding aviditv n^w 

°* avia "y, product stabiL'ty 
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or solubility. Linking structures can themselves contain valencies occupied with 
oxune-forming groups such that parallel assembly via oxime formation with a 
complementary functional^ polymer of the invention is employed to assemble the 
CPU- structure. Accordingly, baseplate structures described in co-pending United 
States Serial Numbers 08/057,594, 08/114,877, and 08/057,594, and co-pending 
International application PCT/IB94/00093 (which are hereby incorporated by 
reference) are suitable for use as L structures, lb. oxime-forming groups of the 
baseplates can be rep,aced with other complementary reactive groups; however 
most preferably oxime formation is used for assembly. For an examp,e where non- 
oxune chemistry is used for (P)„L- assembly, see Example 4 herein where L is 
pentalysyl peptide (where m is 5) with each lysyl residue containing a covalently 
attached polymer and the peptide N-terminal contains the oxime-fonning group A 
prefers L structure is derived from a tri-amine compound wherein any two amino 
groups are each available for coupling to a polymer and the remaining amino group 
« avadable for introduction of an oxime-fonning group. A preferred tri-amine is a 
compound of the formula N(R5-NHj)j, wherein any two amino groups (-NHj) are 
avarlable for coupling to the polymer and the remaining amino group is avaiJable for 
^duction of an oxime-forming group, and H5 is a non-reacting group comprising 
substrtuted or unsubstituted ahphatic or aromatic groups such as phenyl or C -C 
aJkylene moieties, C r C 10 alley! groups, or a combination thereof, or an amino acid 
cham (such as a flexible hinge or loop sequence (see for example Argos, J Mol 
B.ol. (1990) 21,943-958), or a nucleotide chain or a sugar chain or a lipid chal or 
a combmation thereof and may contain heteroatoms. R5 is preferably -CH2-CH2- 
T*e three primary amino groups are preferably distal to the nitrogen. Most 
preferably the tri-amine compound is tris-(2-aminoethyl)amine. 

As is taught herein a great flexibility is available to one in the art for 
desrgrung and obtaining L-structures of desired sequence, structure, valency and 
potion with specifically placed complementary active groups for attachment of 
polymers. Additional methods and compounds, which were developed in the 
laboratory of the present inventors and which are suitable for L-structure 
synthesis, are described in Rose (/. Ame , CHem. Sac. "Facue synthesis of artificial 
proteins" (1994) 1 16:30-33; incorporated herein by reference) 



WO 96/41813 



PCT/IB95/01175 



18. 



Polypeptides, u» SBte „„• I PtaaceuUcally impoitaac 

7 «uu*5 systematic modification of it« oh*,-, 
ultimately its therapeutic efficacy °° * ^ ^ ehav ^ 0r » md 

*» » r a dative lterMf ^ ^ ^ * Po*»« - co^ 

Rl-0(R2-0)nR2-R3 
where n is an integer between 5 and 2 000 R2 i, . , 

^. ^ or u,;rci ;;;i2rrr * 

composes an amino-oxy oxime fnm - 1 31,(1 10 

oWerem fa, each other ^ ^ "dependem,, , te ^ „ „ 

800. According,, lhe M|ymer ' 1>000, and m o re preferab|y ^ 

ry awehyde or ketone functional group on a tor*,, 
macromolecule. The oxime fa™- § eCOnd or g anic 

. meoxime-formmg group comprises -O-NH p <■ „ 
oxime-fonning group comprises -X-O-NH, where X L ^ *" 

herein, -ft^ when Where X » » ^cer group defined as 

— comprise ™:::r i t K ^ x - * 

-era*,, ^ <>rcychc 

V eraoiy CH ?( and where R 4 i s direcUy 
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ttW ,o -0-NH,. A pro.ec.ive group „ non . ractive wilh ^ „ ^ 
taco^on methods of the invention o, the tar^e. macromotatta of the 
tnvention. Preferably the protective group has between 1 and 10 ca*o m morn 
preferably i, is an alkyl eroU p, tnos, preferably it is methyl. Prior to 
tactionaliaation, preferab., PEG has a. least one hydroxy group more preferably „ 
« I . M hydroxy g rou p. „ U thjs hydroxy ^ ^ fa p 

10 *-*- ' • *-P «l»ble of site-specifteall, formta- 

art oxrme linkage with a complements, reactive group introduced site-spnciftcaUy'' 
on a urge, macromolecule. By -tower alkyl- group is mean, a CI to CIO 
preferably C2 to C4, alkyl group. 

In another prefer embodtaen, of the invention, bi. and m„„i.po, ym e,. 
conrarrang ftacUonaJized polymera contatotag PEG or its derivatives are provided 
These embodiments are those bi- and muld-polymer ftaotonalized polymers as 
dossed above, bu, wherein two or more PEG p„„mera am a»ched ,o a single 
oxmte fomring group tough individual anachment to the linking ^ 
bt- and mu„i-PEG funetionaiiaed polymera of the Invention fund pacdcular use in 
systematical, modifying *. Slokes ndius of , ^ fc ^ 

phanoacemtoally import polypeptides, pmferab,y allows systemadc modif.ca.ion 
of «s phamtacokineric behavior, ami uhimately iK theIapeutic efficacy 

More specificaUy, the invention relates to preparation and use of a 
functionaliaed PEG and dextran: monofuncUonal MPEG.NH-C0-CH2.0-NH 

^■0-^CHOH.CH m< CHOn )r C H ,.m < CH ir m^O.CH,.Oml 
^^(CHOH<H,OH H CHOH, r CH,.mKCH«o.C A .CHO 
^r'^^- C0 - m - m3 - lm - C0 - Ctt '- 0 -^ ttulti'PEGylated 

und(PEG-aminoethyI) J .N.(CH ! ),-NH-CO.CH,.0-NH,. 

I" a pmfermd embodiment of the invention, fimctionaliaed polymers as 
augh, hemin. dexm „ „ „, ^ fc ^ ^ ^ 

ptovtded In another prefened embodtaen, the ftmcttonaliaed po,ymer is a mono- 
functronal or a bi-ftacUona. polymer that contains dextran or a derivative therecf 
In ye. anotherpmfened embodtaen,, bi- and muhi-polymer ftmcttaalized 
polymers, as taught herein, contataing dext™ or iIS dertvaIivK m 



WO 96/41813 



PCT/IB95/0U75 



described above havin g at lea St o ^ 3 P oI ^ r « 

modifying chemistries can be u Sed H, „• ^ °f numerous 

Mroxyl sro „p is availaWe ' „ ^ ° f M "» d «ivaUv B , a rermbnU 

ronctiona, p„, ymer b . reaCUTC « ro °P «* •» IW .wo when » bi- 

— * " T 1 from reac,io " - te - ■ — « 

.« m. e r;: : d r ve 8roup - ,h ° **- - * ~ 

S compound such as Boc-NH-0-CH2-COO«;., tk„ 
«» ^protected Worn . or befom * ~ y « 

Usmg the above intermediate PEG-IMW ™ m 
group is introduced at ■ I E ° ^ COm P° und ' « o xime-forming 

Procedr.ro a^oy deacHhed (Zalip^ « „ ' ^ » ' 
1183). " P5KyCtal -( I983 ).E«r.PoIym.J.. i 9) 1177 . 

8 one valency prorecred, „», ltm ^ » 

appropriarely activated • Protected L-stnicture with an 

"vated p« Ivmer (ypfa>liy ^ ^ 
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known in the ait or with a functionalized polymer of the invention via oxime 
chemistry. After isolation of the bi- or multi-polymer product, the product is 
functionalized according to the invention by defection of the protected remaining 
valency of L followed by subsequent reaction, e.g. acylation in the case of an amJo 
group, with a suitably protected-amino-oxy or protected-aldehyde containing 
acylating group. After deprotection of the oxime-forming functional groupie 
final product, the bi- or multi-polymer functionalized polymer is obtained. ' 

Alternatively, L is first derivatized with a suitably protected-amino-oxy or 
protected-aldehyde containing group, the mono-substituted derivative is isolated the 
mono-substituted L derivative is then reacted at each remaining valency with a ' 
polymer intermediate (such as one having a COOH when L contains NH 2 or an NH 
group when L contains COOH) or with a functionalized polymer of the invention ' 
(when oxime chemistry is used to assemble P to L). For example, MPEG-COOH 
intermediate polymers, which can react with free amino groups on an L-structure 
are provided. The coupling will take place in the presence of HOBt and DCC, or 
without these reagents if the succinimtdyl derivative of MPEG-COOH was 
previously prepared.. After deprotection of the oxime-forming functional group 
the final product, the bi- or multi-polymer functionalized polymer is obtained. ' 

When the L group is formed from amino acids, the peptide sequence of an 
L structure can be synthesized by routine solid phase peptide synthesis ("SPPS") 
and while the peptide is still attached to the solid phase PEG-COOH in an activated 
form, such as the N-hydroxysuccinimide ester, can be added to the nascent peptide 
cham. For example, the L structure can consist of a peptide having six reactive 
groups such as five lysine residues and an N-terminal amine group. PEG-COOSu 
hydroxysuccinimide ester can react with each of the .-amino groups of the lysine 
resumes (while the N-terminus *-amino group is left protected). The N-terminal 
amine group of the fully acylated peptide is then unprotected and the polymer- 
containing structure is reacted with a Boc-AoA-containing active ester to introduce 
the AoA group, which after Boc removal and mild cleavage from the resin yields a 
pcnta-polymer-containing functionalized polymer of the invention. It is noteworthy 
that this method finds particular use with synthetic structures (and perhaps certain 
recombmant products) since these can be designed to exclude additional residues 
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e.g., amino acid residues, that would require protection h • ■ 
deprotection afterwards. the process and 

Boc-Ser(ben 2y i ) .OH or Boc-Serft-butvn rw • Alternatively, 

«-* AOA, S o that ^ Boc ^ a ~ L l " 

*^-W- a obtain*. Trcaonent of lhe ~ £ 2 — *. «■ 

- .hen be ^ J^T- a «L L stnrcrme 

•n,. . . amuio-oxy funclionalized Dolvm,, „r ... • 

-M-amino compos tavillg « £ « *- or 

ethylene gryco, fc ^ W ^ ~ " 

-ova, „ f fUUmi fcr ■ « ^ by npid 

chromatography (RP-HPLCn < . 8 Performance liquid 

- aertae ft. j£ h ° f me * h0dS *» **»» Pro.ec.ng 

after*, remov^ ^'7 " ^ * ^ «"* 
«— ta. BOC or .he " of ,he 

~.- 2nd Wney. New York ^ " PraKUVe * •*«* 

e m ~ - * - ~- . *■ 

tataauonU applicadon PCT/1B94/00093 r.hirh 

Horace). Taree. n»e . ' ""KOraled by 

/• large, macromolecules can be obtained bvree~>,h- 
Elated from ranral . * "*ombn»m merited* or 

' " "mptemenury ^ ^ 
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an aldehyde or amino-oxy group, is site-specifically formed at a desired location of 
the macromolecule. 

In a preferred embodiment of the present invention functionalized polymers 
are prepared that are reactive site-specifically with polypeptide compounds, or with 
compounds or materials containing amino acids, in which an amino acid has been 
modxfied to contain an oxime-forming group specifically reactive with the oxime- 
formmg function introduced onto the polymer. Preferably the N-terminal or C- 
termmal residue of a polypeptide is so modified using methods presented herein 
Co-pendmg applications United States Serial Numbers 08/114,877, filed August 31 
1993; 08/105,904, filed May 12, 1994, as weU as FCT/a***,, filed May 5 
1994, each of whose contents are hereby incorporated by reference, present 
additional methods for site-specific modification of target compounds, particuiarly 
polypeptides by both chemical and enzymatic means, that find use with the 
funcuonalized polymer compounds of the present invention and methods for their 
conjugation to target molecules as taught herein. 

In the case of a polypeptide, the oxime-forming group is introduced 
preferably at a C-terminal of the polypeptide by selective enzyme catalyzed reverse 
proteolysis or at an N-terminal serine or threonine by mild oxidation. (See for 
example Geoghegan et ai. (Unconjugate Chem. (1992) 3:138-146); Gaertner et al 
(^conjugate Chem. (1992) 3:262-268); EP 243929; and WO90/02135, which are 
incorporated herein by reference.) A recombinant or natura, peptide may have 
niuluple C- or N-termini. such as would occur in a dimer or tetramer, each of 
which can be fimctionalized. 

Tte w aB r-so.„bfc pol ymer of lhe taventi011 my be ujed (o 

a vanay of polypepUdes or staiUr m o!ecul« tta, tave ^ ^.^^ 
modifUd » conuio . mmplmMry fanclioraJ ^ rapabIe of ^ 

w.th ,te tacional group on «= po lymsr . My!xpMes of tolOTS1 incI<Jde . 
™*od, K , noo^ ^ polyclora] . cy|okines> m ^ gm c 

PDCF, EOF; pepUde „onooo K , including. hGH, erythropoietin; Wood cloning 30 
6o.or S> Modtog, F M0 , vtn; ■ mmlmem . ^ m 

the hto. Myites of htma for w>Kr ^ ^ <kanaaiiM 



t 
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*• water-soluble po lymer ^ M 

^ktoes, growfl, f>ct0 „ en7v . 1 ° cl " de h °™»«. Wholes, 

No- 4.261,973; U.S Pa, No 4 on «7, "' <i0 ' ,5 ' ,6; U S ' **■ 

4,745,180; EP No. 152,847- EP98110 ™ hr u !T Na 
,o*/, iitt>S 110 published January 11 10« 4 . n*-m»*«* 
The P^s, in their unmodified state » 3*792435. 

epical T ^ ~ ° f SimU " ^ - 

Peptides or p ro teins can also contain n ° n " amidc Bnta «es- 

-tended to include both polyclonals , ^ ,he "antibodies," it is 
P y 31 Md mon rclonal antibodies u,,,h . . 

may be modified so as ioh.w „ envauves, and the Itlce; antibodies 

ed so as to be too,* to any of a variety of bsbeis, fioosesceot, 
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radioactive, enzymatic, biotin/avidin or the like. Synthetic antibody derivatives 
include natural immunoglobulin sequences that have been mutated and selected for 
altered binding specificity, various immunoglobulin gene derived polypeptides, 
typically single chain, produced by genetically modified bacteria, antibodies 
modified so as to contain modified constant regions and the like; a review of such 
synthetic antibody derivatives based on the principles of antibody formation is 
provided in Winter and Milstein, Nature, 349:293-299 (1991). An antibody is a 
glycoprotein of the globulin type that is formed in an animal organism in response 
to the administration of an antigen and that is capable of combining specifically with 
the antigen. These are also referred to as immunoglobulins. Antibody fragments 
can retain some ability to selectively bind with their antigen or hapten. The ability 
to bind with an antigen or hapten is determined by antigen-binding assays (see, for 
example, Antibodies: A Laboratory Manual, Harlow and Lane, eds., Cold Spring 

Harbor, New York (1988), which is incorporated herein by reference). Such 
antibody fragments include, but are not limited to, Fab, Fab' and (Fab') 2 . A native 
antibody is one which is isolated from an animal or from an animal or hybrid 
animal (hybridoma) cell line. 

The teachings herein describing groups present in the additional connecting 
structure (spacer group) adjacent to the aldehyde function or the amino-oxy function 
present on a functionalized polymer applies to any spacer group present on 
functionalized target molecules as well. 

In one embodiment of the invention, the C-terminus is modified, preferably 
with enzymes that can direct bifunctional reagents with suitable reactive groups 
specifically at the C-terminus in polypeptides or proteins (e.g. antibodies). The 
carboxyl terminus of a polypeptide chain is, at least in terms of primary structure 
in most cases far from the active site of a protein. In another embodiment of the' 
invention, use is made of the fact that specific bifunctional reagents with suitable 
reactive groups preferably or specifically react at non-carboxy terminus sites of a 
polypeptide molecule. In a most preferred embodiment, the amino terminal group 
is the site-specific target after reaction to activate the N-terminal site on a peptide. 
In a preferred reaction, N-terminal serine ("Ser") and threonine ("Thr") residues are 
oxidized in an exceedingly mild reaction with periodate (e.g. 20"C, 26 „M protein 
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10mM imidazole buffer pH 6 o f«w 

J— g^, N-tennijial So, or 1* It , ^ " " *** *" 
wUck has a ^ s „ „ _ a " «» P-oKin of talHB , 

<*— - a.,0 c.i :tT 

^"^ecarbonvl *,„,>,> , VMMN - te ™^«i<».= of a protein 
reaction nrorp^Hc , . 

, pre era ly by reaction with glyoxylate. This 
P^yWanino o, a. J" ^ *— «" X 

taionalized with amino * IBMted W,th P 0 '*™* Preferably 

with ammo-oxy-acetyl groups 

Wps as in case of H, N .,> EG m ' " <EXample =>• OT w ° ™ino 

»— — rr^r* " a sta6,e site (&ampies3 ' *• io) - 



ffEG-CONH-(CH AW . ( CH !)) . N HCO.CH ! -0-NH, 



WO 96/41813 



PC17IB95/01175 



27. 

or PEG-NHCO-CjHrCHO, as described in Example 12, which can be obtained by 

acting, for example, amino functionalized PEG with carboxy(benzaldehyde)OSu. 
In the same way, a polyaminooxy tag can be introduced at a single site, in 

order to obtain a multiarm-conjugate, as it is shown in Example 18 with (H N-' 

OCH^CONHCCH^N and PEG-CHO. 

In less preferred embodiments, the site-specific target is a side-chain group 
of a polypeptide not necessarily non-terminal, preferably an amino acid residue 
present at a single copy or otherwise preferentially available and sensitive to 
modification. Alternatively, a unique residue may be introduced by recombinant 
methods. The side-chain group may be first modified using method taught herein to 
put in place a reactive group (aldehyde, keto or AoA) that will subsequently 
specifically react with a complementary reactive group on a functionalized polymer 
(e.g. AoA or aldehyde). 

In another embodiment of the invention, a target macromolecule, 
particularly a polypeptide, is modified site-specifically at a location other'than at its 
termini. Modifications to the primary structure itself, by deletion, addition or 
alteration of the amino acids incorporated into the sequence during translation, can 
be made without destroying the activity of the protein. Methods for making such 
modified proteins, known as "muteins-, are described in U.S. Pat. No. 4 518 584 
Ksued May 21, 1985, and U.S. Pat. No. 4,752,585, issued June 21. 1985, both are 
hereby incorporated by reference, and are well-known in the art (see Current 
Protocols in Molecular Biology, ed., Ausube! (1994), Greene Pub. Associates and 
Wiley-Interscience, J. Wiley, New York, NY; all volumes of which are hereby 
incorporated by reference). For example, at least one amino acid residue which is 
not essential to biological activity and is present in the biologically active protein 
can be replaced with another amino acid which is amenable to subsequent site- 
specific modification to create a functionalized target macromolecule of the 
invention. 

♦ 

Polymers functionalized with a hydrazide group can also react with the 
specifically introduced aldehydic or keto group, to form a hydrazone linkage 
Though this bond is known to be less stable than the oxime bond, especially under 
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Prccin Md nalire pro[eill) „ ^ * -Wtafr 

covalently bonded to o ne „ * * rea§CntS ' 50 « to be 

described a,v, ^ Ir^^—- «- 

are ,e„ by ^ * ~ — - — Mn. 
B-C(R)= N -0-X-P or B-Can-w n v T ~ 

- ~ - „ , C T« * ^ as *— 
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preferably P is covalently joined site-specifically to a funcdonalized N- or C- 
terminal residue 0n B. In additional embodiments of the invention the oxygen atom 
in the oxime bond of the formulas is replaced with a sulphur atom to obtain a - 
C(R)=N-S- thio-oxime bond. 

Individual functionalized target macromolecules can be derivatized by one 
or more different water-soluble polymers by means of reaction with different 
embodunents of the polymer compounds of the invention. Individual target 
macromolecules can be modified with multiple water-soluble polymers at a single 
sue when m is gnater than one. Preferably P is a polyalkylene glycol or a dextran 
derivative. 

Biological activities of proteins modified with PEG or dextran polymers are 
preserved to a large extent as shown by the Examples below. 

Salts of any of the macromolecules described herein, e.g., polypeptides 
water-soluble polymers and derivatives thereof, will naturally occur when such ' 
molecules are present in (or isolated from) aqueous solutions of various pHs All 
salts of peptides and other macromolecules having the indicated biological activity 
axe considered to be within the scope of the present invention. Examples include 
alkah, alkaline earth, and other metal salts of carboxylic acid residues, acid addition 
salt* (e.g., HC1) of amino residues, and zwhterions formed by reactions between 
carboxyuc acid and amino residues within the same molecule. 

As will be readily 

apprecated in light of the present invention, homogeneous polymer conjugate 
compositions can be comprised of homo- or hetero-polymers. As discussed in the 
remamder of the application, when a heterobi- or heteromulti-polymer 
functionalized-polymer is attached to a target macromolecule not all of the polymer 
molecules attached at the single site will be identical with respect to chemical type 
or MW(av), nevertheless the composition can be homogeneous as defined herein 
For example, step-wise assembly of polymers onto a linking structure ("L") (see co- 
pendmg United States Serial Numbers 08/057,594, 08/114,877, and 08/057 594 
and co-pending International application PCT/IB94/00093, which are hereby 
incorporated by reference) allows the introduction of different poiymers at each step 
to create a homogeneous composition of a hetero-polymer. 
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pH for a specific oximation reaction, taking into account pH stability of the 
molecules during the period of the oximation reaction. Oximation due to 
chemoselective ligation of the complementary chemical groups results rapidly and 
essentially quantitatively in the formation of a homogenous preparation of a oxime 
conjugate of defined structure when the AoA and GXL pair are used. 

Oxime-forming complementary chemically reactive groups can be attached 
in either a protected or an unprotected form. Methods to attach an oxime-formin* 
complementary chemically reactive group to a target macromolecule include 
attachment through a chemically reactive side chain group. For example an 
oxime-forming complementary chemically reactive group can be attached to a 
cysteine-containing target macromolecule via the S atom by alkylation or disulfide 
formats. Tnen upon oximation to a nationalized polymer having an aldehydic 
function the target macromolecule is attached via its Cys residue through a thioether 
hnk (or disulfide bond) and an oxime link to the polymer. Preferred alkylating 
compounds are alkyl halides having an attached AOA group. Specifically preferred 
are those having a BOC protected amino-oxy group preferably an AoA group 
Preferred are Br-CH2-CO-NHCH2CH2NH-CO-CH2-0-NH-Boc. where the AoA 
group is protected and can be removed prior to an oximation step and 
Br-CH2-CO-NHCH2CH2NH-CO-CH2-0-NH 2 . Another alkylating reagent is Br- 
CH.CH^NH-COCH^NH-Boc. Ine bromoacetyl group is much more reactive 
for alkylation of the thiol group of, for example, Cys residues. Le SS preferred is 
the lodoacetyl group because it sometimes is too reactive and may be lost by 
Photolysis. Other ablating groups, in addition to the bromoacetyl group include 
the maleoyl group. As taught herein, linkers for protein modification using this 
group are exemplified as AOA-Lys(maleoyl-beta-alanyl)-OH and maleoyl-bela- 
alanyl-NHCH 2 CH 2 NH-COCHiONH 2 . Although the maleoyl group is useful for 
making macromolecular conjugates, it is known to have serious stability problems 
(hydrolytic opening of the ring) and so is less suitable for making homogeneous 
polyoximes. Furthermore, alkylation involving the maleoyl group gives a linker 
which ,s more rigid and bulky than the link formed by alkylation with the 
bromoacetyl group, and is thus more visible to the immune system. A preferred 
bnker for in vivo application is one against which an immune response is not 
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preferably acidic to about pH2, more preferably less than about pH 5, particularly 
when rapad formation is desired. More preferably, the pH is less than 4 most 
preferably about 3.6. The oximation reaction is compatible with lower pH values 
when it ,s necessary for maintaining target molecule stability or solubility The 
reaction temperature is preferably room temperature, but can be adjusted to meet 
the specific needs for stability and solubility of the target macromolecule The 
reaction ^time is between 10 minutes and 72 hours, more preferably between 3 hours 
and 48 hours, and most preferably between 6 hours and 24 hours The 
functional^ polymer is in molar excess to the funcdonalized target 
macromolecule, preferably between about 3-fold to 20-fold molar excess more 
preferably between about 4-fold to 15-fold, and most preferably between'about 5- 
fold to 10-fold molar excess. 

THe nationalized polymer is preferably diluted in aqueous, preferably 
buffered, solution at acidic pH. Acetate, 0.1M, pH4.6 is a preferred solution 
Optionally, a chaotropic agent is present in order to aid in accessibility of the 
functional group of the target macromolecule to the funcdonalized polymer A 
Preferred agent should be inert to the oximation reaction, inert to both the polymer 
and target molecule, and will „ ot prevent the return of biological activity (if it was 
affected by the chaotropic agent) when removed from the final product A 
Preferred agent is guanidine hydrochloride fGuHCl"). preferably at about 1 ,o 8 
molar concentration in the final reaction, more preferably about 4 to 6 molar 
concentration. If the aminooxy derivative is not soluble in water, the conjugation 
reaction can be performed in the presence of an organic solvent. The solvent and 
«■ concentration, should not irreversibly interfere with the biological activity of 
mterest of the target macromolecule. Suitable solvents are well-known in the field 
For example, for certain poorly soluble pepddes, up to 50% acetonitrile can be used 
for coupling. 

If desired, the polymer conjugate can be purified from the reaction mixture 
There are many purification methods that are known to those of ordinary skill in the 
art such as size exclusion chromatography, hydrophobic interaction 
chromatography, ion exchange chromatography, preparative isoelectric focusin* 
etc One particularly preferred method is to combine a size separation method with 
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fold to 25-fold. The molar ratio of target molecule to periodate is preferably in the 
range of about 1-fold to about 6-fold, more preferably about 2-fold to 4-fold In a 
specific embodiment, Il-8:NaI0 4 :AoA was approximately 1:4:10. 

. To determine which 

fractions contain the desired conjugate, the fractions can be screened against various 
standards. Preferred screening methods include SDS-PAGE, isoelectric focusin* 
bioactivity, and pharmacokinetics. 

Once it is known which fraction contains the desired conjugate, those 
fractions may be further purified. 

For example, the polymer/protein conjugate mixture can be fractionated 
w.th the size exclusion chromatography column, the tactions collected, then run on 
an SDS-PAGE gel to determine which fractions contain the desired polymer/protein 
conjugate. Then, the fractions of interest may be further purified by contact with 
the ion exchange chromatography, the fractions collected, and analyzed by 
isoelectric focusing to determine which fractions have the desired polymer/protein 
conjugate. Before the polymer conjugate mixture is subjected to chromatography it 
can be initially prepare, by removing impurities. For examp.e, salts and chaotic 
agents can be removed with preparatory columns, or can be dialyzed against 
appropriate buffers. 

Once the polymer conjugate is purified it can be tested for bioactivity using 
methods known in the art. 

According to a preferred embodiment of the present invention, protein and 
other organic target macromolecules may be chemically modified by conjugation to 
water-soluble organic polymers such as polyethylene glycol (PEG). The production 
of such protein conjugates is of interest because of the desirable properties 
conferred by the attachment of the water-soluble polymers. These desirable 
properties include increased solubility in aqueous solutions, increased stability 
dunng storage, reduced immunogenicity, increased resistance to enzymatic 
degradation, compatibly with a wider variety of dn Jg administration systems, and 
increased in vivo half-life. These properties that are brought about by the 
derealization of polypeptides with PEG or other water-soluble polymers are 
especially of interest when the polypeptide is to be used as a therapeutic agent 
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ranging from 6 to 8. When used for in vivo therapy, the sterile polymer conjugate 
composition will comprise protein dissolved in an aqueous buffer having an 
acceptable pH upon reconstitute. The polymer conjugate can be formulated with 
a number of excipients such as amino acids, polymers, polyols, sugar, buffers 
preservatives, other proteins, etc. Specific examples include: octylphenoxy 
polyethoxy ethanol compounds; polyethylene glycol monostearate compounds- 
polyoxyethylene sorbitan fatty acid esters; sucrose; fructose; dextrose- maltose- 
glucose; dextran; mannitol; sorbitol; inositol; galactitol; xylitol; lactose; trehalose- 
bovme or human serum albumin; citrate; acetate; Ringer's and Hank's solutions- ' 
^alme; phosphate; cysteine; arginine; carnitine; alanine; glycine; lysine; valine- 
leucme; polyvinylpyrrolidone; polyethylene glycol; etc. Preferably this formulation 
is stable for at least 6 months at 4 °C. 

As a composition, it is parenterally administered to the subject by methods 
known m the art. Administered means providing the subject with an effective 
amount of the compound or pharmaceutical composition. Methods of administration 
to an animal are weU known to those of ordinary skill in the art and include but are 
not hmited to, oral, intravenous, transdermal, and parenteral administration ' 
Admutistration may be effected continuousiy or intermittendy throughout the course 
o other treatments. Methods of determining the most effective means and dosa-e 
of administration are well known to those of skill in the art and will vary with the 
compound or composition for treatment, the purpose of therapy and the animal or 
patient being treated. Tnis composition may contain other compounds that increase 
the effectless or promote the desirable qualities of the particular target 
macromolecule portion. The composidon must be safe for administration via the 
route that is chosen, sterile and effective. To maintain the sterility and to increase 
the stabdity of a polymer conjugate, the composition can be lyophilized and 
reconstituted prior to use. 

Preferably, the formulation is suitable for parenteral administration to 
humans or animals in therapeutically effective amounts. These amounts may be 
determined by the in vivo efficacy data obtained after preclinical testing for: anima, 
models of the disease state of interest or in vitro assays generally accepted as 
correlating with in vivo efficacy. 
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physiological pH, a decrease in the immune response generated by the native 
protein, an increased pharmacokinetic profile, an increased shelf-life, and an 
increased biological half-life. 

By systematically modifying the Stokes radius of a target macromolecule 
particularly a pharmaceutical^ important protein as taught herein, one can in turn' 
systematically impart changes in the pharmacokinetic behavior of the molecule 
which will enable one to more readily create and identify those conjugated 
molecules having enhanced or desired behavior or therapeutic efficiency. Thus 
functionalized polymers having different polymer topologies while keeping the' 
molecular weight (average) constant are provided. For example, a family of 
functionalized PEG polymers of similarly weighted PEGs with differing topologies 
are provided such that the Stokes radius, and thus pharmacokinetic behavior of a 
biologically important target molecule, can be changed in predictable and 
reproducible ways. 

Kits are provided that contain a series of functionalized polymers for 
attachment to a target of interest, wherein the series comprises polymer constructs 
of sundar molecular weight but varying in the number of polymers present in the 
construct. For example, a series can comprise constructs of a 40 kD MW(av) 
polymer, and multi-polymer-containing construct of two 20 kD MW(av) polymers 
four 10 kD MW(av) polymers, and five 8 kD MW(av) polymers. 

The present process is advantageous because the attachment of polymer(s) 
to a target is predictable and selective. 

A further advantage of the subject invention is that macromolecules e g 
polypeptides, modified by the reagent compounds retain a greater degree of 'their 
b.ological activity than when the same target is modified to the same degree by 
joming water-soluble polymers by employing non-oxime and non-site-specific 
chemistries. Thus, the subject invention provides for modified targets that possess 
the advantages associated with the conjugation of water-soluble polymers while 
rmmmizuig the loss of biological activity associated with the modification 
Consequently, the targets that are more highly derivatized by the use of multi- 
polymer functionalized polymers, and thus possessing the advantages associated with 
the higher degree of derivation, can be produced that have the same level of 
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capable of forming oxime linkages. Because of this flexibility and the absence of 
the need for reversible protection, the design of polymers and targets extends to 
both artificial and natural molecules and their derivatives. Polymer-conjugates can 
be designed to improve solubility of peptides as well as present peptides to receptors 
or antibodies or the immune system of an animal in multi-valent and/or constrained 
forms. Polymer-conjugates formed from synthedc or recombinant polymers and 
target macromolecules have the additional advantage of being virus free. 

Accordingly, preferably the fimctionaJized polymers of the invendon and 
the methods provided herein allow a polymer to be conjugated to polypeptide and 
protein derivative by a condensation reacdon between an aldehyde and an amino- 
oxy compound. Most preferably the complementary reacdon is between a aldehyde 
or ketone and an amino-oxy-acetyl. In all cases an oxime bond is formed. 

The present invention provides further in vitro use of polymers, such as 
PEG. A nationalized polymer can be used to "tag" a target molecule and thus 
enable the molecule's subsequent detection and or quandtadon in a number of ways 
Most simply, the attached polymer allows one to perform a simple size separation 
that will separate the polymer tagged-target molecule from other molecules in a 
mixture. For example, one can readily follow the modification of a target molecule 
for the production of desired functional sites as measured by the ability to react with 
the reactive functional group on the functionalized polymer, which is in turn 
detected as the appearance of the polymer-tagged target. It is now readily apparent 
that different physicochemical properties of organic polymers can be taken 
advantage of in this way simply by changing the polymer. For example, a slightly 
hydrophobic polymer would allow separadon based on hydrophobic^, or one can 
use a polymer binding column that then selects for or against the polymer-conjugate 
as desued. In addition the polymer can chosen, or modified, so that it can be 
directly detected. This imparts the advantage that the polymer may contain multiple 
detectable sites (or repeating units), such that each site present in the polymer binds 
or is recognized by a detection system, thus resulting in the amplification of 
detection signal. Branched DNA ("bDNA") containing reagents exemplify the case 
wherein each polymer unit, in this case a specific nucleotide sequence or repeating 
sequence, is detected by specifically binding a second measurable reagent (Urdea" 
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MPEG 5kD ( 5g , i mmol; Mr(ay) 5 ^ ^ 
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; was added and the mixture was stirred at 120' for 2 hr Th. 
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controlled by the quantitative ninhydrin procedure (Sarin et al. 1981 Anal. Biochem 
117:147-157) on a lOul aliquot of the reaction mixture. The modified MPEG was 
then recovered by dilution with 5 volumes of water, followed by dialysis against 
water, dialysis and lyophilization. The Boc group was removed by dissolving the 
product in 10ml of TFA for Ihr at room temperature. TFA was removed under 
vacuo, the material was taken up in water, extensively dialyzed against water and 
finally lyophilized; yield 0.93g (93%). 

The same procedure was used for the synthesis of AoA-NH- PE G 10 ^ and 
AoA-NH-PEG 20 from corresponding PEG-NH 2 . 

E XAMPLE ?.. Functionaliration of Methn*vp n i Y ,.,H Y lene Gtvrnl . ^ nth „.„ rf 
NH 2 ^CH 2 CONH-PEG-NHrn-rH,^JjH, fAoA-NBT.WOT.MB- a.. ^ 

Boc-NH-0-CH 2 -COOSu (86mg, 0.3mmol) was dissolved in 1ml dry 
DMSO, added to a solution of Ig (50umol) of NH 2 -PEG 20kD -NH 2 in 4ml of the 
same solvent and the apparent pH adjusted to 8-9 with N-methylmorpholine. The 
mixture was stirred at room temperature overnight and acylation controlled by the 
standard ninhydrin analysis. The solution was then dUuted with 5 volumes of 
distilled water, extensively dialyzed against water and finally lyophilized. The Boc 
group was cleaved and the material further worked up as described fa Example 1; 
yield 0.9g (90%). Conjugation with this polymer leads to dimer, e.g. "dumbbell" 
formation. 



EXAMPLE 3 FunctionaHration of Metho^ lv^hyUn. gj^ rmL±J}[ 
Multivalent T.inkrr ^ 2 U S ^m^ 2 i 2 ^Q^ 2 ^ 2 J^m 2 I^ 

To 2.0g (3.9mmol) of Z-Lys(Z)-OSu was added 4ml ethylene diamine 
(60mmol) and the mixture stirred for 2hr at room temperature, where Z is 
benzyloxy-carbonyl. The coupling reaction was quantitative as controlled by 
analytical HPLC on a C8 column using a linear gradient of 0-100% B over 50min 
Or- 41.5min instead of 48.5 for Z-Lys(Z)-OSu). The coupling product was 
purified by flash chromatography on a silica column equilibrated fa CHCl 3 /MeOH 
(9/l,v:v) and dried by rotary evaporation to yield 1.4 g material. The product had 
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- cell * "~ <«<* «•* yietd ,0,, 

rued by ESIMS (calcd M+H, ru/z 630.2. found m/z 630 9) 

io% Pd/c ro T r a "° 1 (5 °°" ) ' * •» 100 » l «,cooh 

COOH, and PEG 10kD -c0OH, and PEG 20KCC00H 

Hoc 2 Hcirr I4, " S ° f W^b-NHCO-CH^-NH. 

HCL 03 um °0 «™ dissolved in 2ml of dry DMSO PEr «v» 
«—). hydroxylase SOumol, a^ Dec ^TN^" 0 ^ ' 
1>o apparent nH adfa^ . a . . P 5 ' 100 " mo,) " m Jdaed 

ovJ h, tTs2 T "a. H - a *-» M — *• — stirred 

rutered XLT™ ;r; ° f — — — ~, 

acylated UnJ^ 71 ^ T m C °' Umn «**~ ta — * 

lyophita,. " frac "°" " i,h *— — - «s 

^ Ihr J^JZT t ^ diS! °' Vi " 8 ta "°* - ™ 

nx,™ w m ^ m<fcr ^ ^ material was 
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taken up in water, extensively dialyzed against water and finally i yophiIized ^ 
^C0-CH % 0 t0 ^ f0U ° WinS dCriVatiVe: PEG5kD - LyS(PEG 5kD)-NH-(CH 2 )^- 

A comparable linker was obtained by acylation of the lysine derivative with 
p H3 l(kD -COOH, and PEG J0KD -COOH. 

CAMPLE 4 TMinrtiomlizatinn 9 f M^ hoxvpn»Y P th Y i»n, 
Multivalent T. inker AoA. ft y^fmn.^^ ~ 

Z-(Lys(Boc)) 5 -OH was used as starting material. The peptide once the 
Boc-g roU p was removed, resolubilized in lOmM HC1, relyophilized and then was 
completely acylated with 2-fold excess of PEG 5kD -COOH in DMSO in the 
presence of HOBt and DCC. The reaction mixture was diluted with distilled water 
daalyzed and the soluble fraction further purified by ion exchange chromatography' 
on a DEAE-A25 an CM-C25 Sephadex column, and IyophiIized. The Z-group was 
cleaved by a 2h HBr treatment and the product was then acylated with Boc-AoA- 
OSu. FinaUy, the AoA function of the linker was deprotected by TFA treatment 
n* extent of rationalization could be evaluated by determination of reactive 
ammooxy groups with TNBS at 495nm, and was found to be 80%. 

^g^A^zat^ of Dextran- Synth,, ,> j^Qm^n^Smm: 

A unique reactive group was introduced in dextran (Mr (av)9 .3 kD and 
39kD) by modification of the reducing sugar by reductive aminatidn. 

Dextran 39kD (i gi 2 5umol) was dissolved in anhydrous DMSO (4 5ml) 
with gentle heating (45'C) and allowed to return to 25'C. Ethylene diamine (500ul 
7.5mmol) a^d crushed 4-A molecular sieves (200mg) were added. The flask was ' 
flushed with N 2 and then sealed and incubated for 24h at 37'C. NaBH 4 (80me 
2.1mmol) was added, the flask flushed with N 2 and the solution further incubatld 
or at 37-C. The viscous solution was then diluted with 5 volumes of water the 
PH adjusted to 5.0 by the addition of glacial acetic acid, extensively dialyzed ' 
agarnst drilled water and finally IyophiIized to afford 800mg (80% recovery on the 
based on starting dextran). The yield of rationalization was estimated from the 
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—fata was „ bafart totjl " ~" ° f Md -^P 

(5mi), ^^^H-1^c^^cq^|^^|j^^ ^fiDu^^' ^solved in DMSO 

— — * a. room MM ~ e - - 

The polymers functionalized with a <,„«,.,, • 

wxiiUons, moa prcferaW , prcferabl J' "*» acidic 

Samples below. H- 8 G -CSK t, , demonstrated in the 



**• H a, room Kmperatur , 8 1 ° f TO,hi0 " to 

*- MM CO*,*™ tave been dT, ^ """^ "* 

Ane reaction was 
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stopped by the addition of 200.0 excess ethylene glycol over periodate and further 
incubated for 15min at room temperature, and the protein was finally dialyzed 
against a 0.1M AcONa buffer, P H 4.6. Dialysis tubing was previously boiled in 1% 
sodium bicarbonate during 30min. Oxidation was confirmed by ESI-MS (calcd 
m/2 8351.3; found m/z 8351.3±1.4). The oxidized protein was concentrated up to 
3-4mg/ml and was used in that form for the site specific attachment of the 
funcdonalized polymers to the N-terminus of the protein backbone. 

Conjugation with the, polymer. A 10-fold molar excess of a lOmM 
aqueous solution of polymer was added to the oxidized protein, the pH adjusted to 
3.6 with glacial acetic acid and incubated for 20 h at room temperature. As shown 
in Figure 1, SDS polyacrylamide gel electrophoresis clearly demonstrates that a 
homogenous conjugation product corresponding to the attachment of a single 
polymer chain is formed. The molecular weight of the conjugate is directly related 
to the size of the polymer used in the coupling reaction. 

The conjugation product was purified by ion exchange 
chromatography on a Pharmacia MonoS column equilibrated in 25mM AcONa 
buffer, pH 4.7 using a linear gradient from 0 to 2M NaCI over 20min foUowed by 
reverse phase HPLC on an analytical C8 column using a linear gradient from 30 to 
65% B over 35 min (Figure 2). 

In vitro activity of conjugates . The biological activity of 11-8 
conjugates was determined by a human neutrophil chemotaxis assay using a Micro- 
Boyden chamber as already described (Ribaudo and Kreutzer (1985) in Practical 
Methods and Clinical Immunology (Yoshida T. ed.). pp. 116-125, Churchill 
Livingston, Edinburgh, U.K.). 

While 11-8 showed an EC 30 of 2 nM (concentration corresponding to 
50% of the maximal chemattractant activity), all investigated PEG-derivatives " 
(PEG Jur , PEG I0U) -, PEGjou,-, and (PEG^Lys-Il-S and Il-8-PEG J0tI) -Il-8) were 
shown to have an activity of the same order of magnitude with an EC M ranging 
between 3 and 10 nM. 

Pharmacokinetic data . 11-8 and its derivatives were iodinated under 
conditions, which have already been shown to retain full biological activity as 
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determined by neutrophil chemotaxis (Grob et al (1990> j *• , nu 

8316). (1990) L Bl01 - Chem. 265:8311- 

Briefly, approximately 0.5mCi of Na'"l was mi^- , , 

or M. * ^ was ^ > ~ ™ «-*t 50 „ 

Mowing . 9( , s " " ° f 2mM -**«*. T. 

termta,«, by addWon of 15 , „r, „ "° n ^O'' w « 

Potassium iodide Ther»rf:~i- . ., 1,1 of 50 < v ' v ) 

— jscts p ;;r was r ted from free ■* - * « 

the range of 5-10 mCi/mg protein . *"* obtained was in 

,M I-labeUed 11-8 or its derivative was injected as ah., • 
vein of female Wistar rar< nn /l. x b ° ,US m the ^ 

wistar rats (10 ^g/kg) and samples of blood collet a 
example 8. couected as described in 

The curves of relative blood levels for U8 ^ 
p EG J0IflI -ll-8 and rpp^ x r ' PEt Wll-8, IL-8- 

8 and (PEG^Lys-II-8 given intravenouslv to rh. . 
^. 7- Conjugation of a single 20k!) PEG ch 7 ^ " 

- under tne Pharmacol ^ 1 "° ^ " *> 

(PEG 30y ) Lv<s H ■ • "nportantly, the dumbbell and the 

^^Lys-denvanve considerably increase this area. 

A manual fit to these curves gives apparent first T , 
approximately 10 mm for n . 8 , „ mjn for J " ^ T - — of 

8 and 60 mi, f or jgg^ ^ »' 30 "» f " W WW* 

No detectable differences were observed in the an 
-ong all protein derivatives, but while less than l % of J 
^activity remained in cation after* Ti l ^ t 

P-ent in case of (PE W Lys-ri-8. " ^ ' « 

PLE 7 <?.-^<r pee ifi r ^odifieati-- . 
B§&dueofa Protein- x^-r • T ^tfrfcTermin at 

Application of the same methodology to the moHir ' • 
solves the removal of N t,™ , ... modtfication of G-CSF 

craovat of N-terminal methionine, to reveal th» ,u 

««. as weU as serine in case of II 8 th, , ^' Une Which wiU 

» case of 11-8, the target for periodate oxidation. 
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rescue was specifically removed by enzymatic digestion with ladney microsomal 
^peptidase (EC 3.4.11.2). G-CSF was concentrated to 5mg/mL in a Tris 
50mM, 0.3% sodium lauryl sarcosinate, P H 8.0 buffer and then incubated with 
^-peptidase (enzyme/substrate ratio, 1/20) for 20h at 37'C. in the presence of 
lOrnM MgCl 2 , 2.5mM PMSF and benzidine, and 2m g /mL aprotinine. An these 
mlubnors were added to prevent any cleavage of the polypeptidic chain by any 
contaminating proteolytic enzyme present in the commercial aminopeptidase 
prepanmon. Aminopeptidase was then inactivated by adding EDTA at a lOmM 
concentration and the solution dialyzed at 4«C versus Tris 20mM, p H 8 0 and 
agarnst water and the material finally purified by reversed phase HPLC on a 
250x10mm i.d. Nucleosil C8 column, using a flow rate of 3mL/min and a linear 

b ™ 5 r° % SOlVCnt B ° VCr ^ m ° dified - Prized 

by ESI-MS. The ESI mass spectrum exhibited two series of multi-charged ions the 

r 8 i7;;;r pondbe to ^" Met rh ?- csF(ca,cd - m/z i882 °* * 
• he minor one ,o Met Wsf ( - — . - 

Qsmon rfdesW-G-CW The lyophilized material was 
^solved in a 0.1M sodium phosphate buffer, pH 6.5 at 5mg/m. in the presence of 
6M guanine chloride, and oxidation performed with a 5-fo.d excess of periodate 
over the polypeptide. After lOmin of incubation at room temperature in the dark 
unreacted periodate was destroyed with a 1000-fold excess of ethylene glycol ' 
Oxnfation was confirmed by ESI-MS (calcd., m/z 18775.3; found m/z 
18777.9±2.7). 

Muga^^ A 5 . fold exces$ of AoA-NH-PEG was 

added to the reaction mixture, diluted with 5 volumes of 0.1M AcONa buffer pH4 6 
contammg 6M guanidine chloride and concentrated to one volume on a Centricon ' 
mtcroconcentrator. Dilution and concentration was repeated a second time The P H 
was then adjusted to 3.6 and a second 5-fold excess of AoA-NH-PEG added an 
he solution incubated 24h at room tempemture. Tne solution was dialyzed alantst a 
20mM sodium phosphate buffer pH 7.0 to discard the guanidine chloride and the 
conjugation product isolated by HPLC on a C8 column. As shown in Figure 3 
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, copper-catalyzed transamination was userf f„, • • 

- — - :r NaoAc b *" - 

polymer was added to the tnm« m - . „ A 10 " f ° Id excess <* 

- * — . ::r™ ~ * — • « - - 

6 y y using a poly-propylapaitamide column ttMvd™ < 
P ° IyLC InC - C ^bia, MA), fouowed b y . gel rZ ^ 
Phenomenex column (600x7.8mm) and io ^ chl " 3 8 " 8 * M *~ 
column. CXChan S e ct ™matognip h y on a Mono Q 

ft*- u I ° J * SU *^^ 

fashion, the effects of Il-ifl on ,h» • ^ . ' dose - r «ponsive 

— - — t: rxr r ^ - 

1 U; CIin - Inv «t- 85:1694-1699). 
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TOs bioassay allowed the evaluation of the biological activity of modified U-lra by 
using a 1000-fold excess concentration of U-lra or its conjugate over 11-10 to study 
the Coition of the 11-10 induced biological response. Table 1 presents the results 
of one such initial assay. Tne PEG^-des(MRP)Il-l ra form ^ fa ^ J fa ^ 

denved by enzymatic cleavage and periodate oxidation as discussed in Example 9 
below. y 



Table I. In vitro capacity of Il-lra and PEG^-conjugates to in^^^ 
PG, production (ng/mL) in two fibroblast ceU lines. 



Dermal fibroblasts 


Synovial fibrobla«*§ 


325 ± 85 




239 ± 30 




317 ± 69 




276 ± 67 




8.6 ± 3 


(100%) 


< 4.8 


(100%) 


21.8 ± 6 


(96%) 


< 4.8 


(100%) 


219 ± 37 


(32%) 


98 ± 16 


(63%) 






48 ± 14 


(84%) 



Reagent 

Culture medium 
Buffer without protein 
Il-lra 
U-lra(tr) 

PE<WlL-lra(tr) 
PE G 20 kD-des(MRP)IM ra 



"tr" is transaminated form. response curve. - is not determined 



As shown in Figures 5A, 5B, and 5C (dose-response curves), the 11-1/3 effect was 
inhibited in a dose-responsive manner by all conjugates, and an I Cj0 value 
(concentration necessary to block 50% of 11-10 response) was approximately 
determined: the values were approx. 13, 10 and 9 ng/mL for PEG JkD -IMra (Figure 
5A), PEG^-Il-lra (Figure 5B), and PEG 20kD -Il-lra (Figure 5Q, respectively 
Conjugates were prepared by transamination method. Tne IC„ value for authentic 
U-lra was found to be about 6 ng/mL. THe necessary ratio of Il-lra to 11-10 which 
can be deduced from these results, though higher with the PEG derivatives than 
with the native protein, remains in all cases in the range 10 to 500, the range 
described in the literature for Il-lra (also designated as the pharmaceutical Antril by 
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Nature, 194-495-496> tk. • . Greeted, F.C. (I 962) 

».w>49o). The protein (about 0.5 me) was dial™,! 
Tris. HC1. 0.15M NaCI JI „>. ™* md asmKt a 0-1M 

•UMNaO,pH7.0 buffer, and concentrated lo about im , ,. 
son,uon„e reIte , added500 ^ 1NaI »*- 300,,. To thU 

solution ta to ^ ^ J ° f 56 «"*» cnloranttae T 

~ from free on . GF5 cob™ ffiera) ^^T" ~ 

previously washed with the «,™ k « M m PBS »d 

J W,U1 tne same buffer containina 0 i « k~ • 

* *««c radioacw, ,b us obtained was ^Zl^T'^ 
protein. ° 01 10 °-300 i*Ci/mg 

Female Wistar rats obtained from Iffa-Credr. n .a* , 
weighing between 150g and 200g were used / ^ 
Protein were injected as a boh! I ' 50 « - labeled 

---^ 

- <amp.es were weigh, to deterrle J^Zr^ " 2 ^ 
-ured. The curves of reiative b.ood ieveis for 1,-1^ H 
mWlMra given intravenously to the rats are col *f* a * I,t ^ 

As can be derived from the r ' ^ " 6A an ° SB- 

envea rrom the figures, the apparent first T «r a . •, , 

lines) was very short an H ,u " AnfnI (see the solid 

/ o rcry snort, and the apparent seennrf t .u 

■n«efore ha»e as soon* „„ Sh di « »« 

Most import ^'^1 """" * ** ~* 

;~ t * vte ° f — > ^ - fer au, ~:r; 

HKWlMra, and 20 min. for PHWlMia. ** 
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No demote di , fereiKK were oteerved ^ 
* - proreins. a„ d - m ^ skss ta 2 , of » 
nduacavuy leroioed k circulation after 24h. 

B is dear from the results presented ^ that „ ^ 
Pinter m aaa, either o y increase its ^ „ ^ 

COP* 0, po IyDBr a , one sile (w , fc • ^ 

i p ,t 0 ; T ralion stepiy ote - - — * <« ~ 

*~cu,e u nnoon,, hW1 ed * polyntt , such as « lyshe testes. 
Unltke wtth prevtow technotojles. using the reagents and maMs „ .. . . 
oo. wouid e,pecr . ^ _ of T< ^ „ ^~™* 

*«- - spectfe oioiogice, ac,ivi, y . For ^ , ^ „ ^ 

A^ru (etther direcd y or as ootained using sreaier bul ^ 

Pr*uce a fc^ ^ jn „ ^ ^ ^ a ^ - 

of speetfle btoregica, ,c,ivi, y . Weed, using the ^ „ ^ J « *" 
of speeifte oioiogrea, activit, as . ^ ofM, of the added h£T^ 
oo . -he other direction <co„tpare Figures 5A , 5B and 5Q . ^ J ^ » 

herein, the ose of, ntttM-,^ >cnieve ^ " 
*-~d for , si„ s ,e, Uoear po, ym er of ntoiecuia, w. lg h, a„™^r than 
2 « «* — For e^tpie, lw0 PEG c ^ £ J ^ 

>*r sod phteed site-speciftcaU, a, the N-enn^ „ M „. J? 
PEG ti a ^ , . ' resulting denvalive 

«W« had , sewectrepho^ ^ ^ 



Retnov,, r - J ™ B ' i " l ^ . S ■* MSsteJa and P^K ^hfe, 
Removal of the three N-lermual residues to revenl th, „ • . 
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™'Sr,27rr ■■— --- — — . 

very slow.The proteu. was therefore incubated 20h at 37'C at a 30m./ 1 
concentration in a srim-vr 30mg/ml 
own,* T Ph0SPhate b " ffer ' 7 0 «*" » 

„, wo. n. protti „ TO ^ 

BioSep-SecS-2000 Ph,.nn m » , y g rutratl °n on the 

«00 Phenomenex column and a aliquot purified by HPLC for h. 
characterization by ESI-MS tw ~ • r * for the 

different analogue! cTuldt TtrT ^ C ° , ~» * 

aiogues could be identified: the major one (16874 5+5 4 ™ 

corresponding to the expected product ****** Pr L . * ' 
16872 1 DV anrt t Arg-Pro)n-lra (calculated value 

°° 1 D), and two rmnor ones, one (16785 1 + 1 <; m 
^(Met-Arg-P ro - SertI1 lra . , , (16785 l±I5 D > corresponding to the 
o i-ro Ser)U-lra analogue (calculated value 16785 om a . (l ■ 

' 8a " on - ^Protein was oxidized usine > f„M , 
rn.nca.ed Ii-l ra „„„= , .... 8 fol<1 Kccss of NaI °4 over tht 

Condi J ^ ^ ^ — L 

lDJdm ^^^ Theinvitroactivitvnf 
conjugate PEG JOkD -des(MRPttl Ira !e , "* of re Presentative 

2ou> ue 5l MKP)ii-i ra is presented in Table 1 above. 
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This multivalent linker is comparable to that described in Example 3 
and was obtained by acylation of Tris-(2-aminoethyl)amine with one equivalent of ' 
Boc-NH-O-CH^-CONSu in DMSO. The monosubstituted derivative was isolated 
by HPLC. characterized by.ESIMS (calcd. M+H, m/z 319.4, found m/z 320 6) 
The material was stabilized in lOmM HC1 and lyophilized, and forther acylated 
with PEG 3U> -COOH (1.2 molar excess over remaining amino groups) in DMF in 
the presence of equimolar amounts of hydoxybenzotriazole and DCC. The solution 
was stirred overnight at room temperature and the folly acylated derivative was 
purified after extensive dialysis against distilled water by ion exchange 
chromatography on DEAE-A25 and CMC-25 and finally defected by treatment to 
get the following derivative: 

(CHJ2-NH-CO-PEG 
I 

HjN-O-CHj-CONH-CCHJj-N 

I 

(CH^-NH-CO-PEG 
Conjugation to oxidized 11-8 was carried out under the same conditions than used 
for the hnear PEG polymer, and the resulting derivative isolated according to the 
same procedure, as shown in Figure I. 

SAMPLE 1 1 "fW-Pof" Mortification *nH r™j ugation y„ rt ; nn . 

As demonstrated in the above reactions, side reactions during oxime 
formation were not a problem. For example, compare lanes 1 and 2 of Figure 3 
However, "one-pot' reactions would nevertheless be desirable in order to minimize 
handling, and thus yields, contamination, equipment, time, etc., as well as provide 
for more reproducibility and uniformity amongst reactions, decrease labor time and 
costs, and facilitate development of larger scale and commercial production as well 
as srmplify use if diagnostic methods or kits. IL-8 was mixed at the same time with 
both penodate and an aminooxy compound (N--Aminooxyacetyl, N'LC-biotinyl- 
lysuie), and after an appropriate reaction period, with no work-up whatsoever th, 
wanted product- IL-8 specifically biotinylated at its N-terminus-was identified 
Surpnsmgly, the reaction progressed at pHs 8, 6.5 and 4.6. At 6.5 the generation 
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were somewhat slower and I,« • • ^ ^ ^tions 

«d is Mto , avorc<i « ^ " ra "" KS » "WW amino 

- - - ph. AMmms , j^U. :;~ f °~ - 

I" a W=l expend, „ ^ *• 

2<W of a solution of n-8 cs.:,,,, «">peratu K (about 20"), 

used T„,h- , S0 Sme mM0 * ,of ^ phosphate (NalnHfi.* 

was quenched wM, 4„, of ,0M aqueous , raC ' i<>n miWUre 

- ~ soluUon was a^J^^ % f — » — 
-id. (This waa done so mulimize My ta ^ f ' V " *— •*"»»■* 

— -* was an^ by ^ ^TT"' " di,UUOn • , * 

— a. the ta ow„ poa^ of the ™£ * * — U pea, 

a seal. ^ when iso|a(ed *"va„v.. ^ produc , „ 

~* (elated rt m^^J^Z ~ZT~™ ~ 

Pn~ss aa fcUowa. r ra *»<*•*>«*- was made by a lwo aep 

.as added , . ^ b * 

-r of atnlnoo^eetic JT ' *" * 

« a,. « W) , CMCK ~ "~ - *— ptevious,, 
CVilaseca « „. „ m . 43 I,8 «-»*«). modified as desedbed 

""Konjugme Chan. «51S-520> N .,u , 
*- " d<W » auapeosiou, , iUl mixing "-W-**. was 

r*" °- ■* — p« pap=; :r as 
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TXt ,empOTtUK - Sub!equen ' ^ *— no-» « 

<* Aoco^ Cheat. 4:5,5-520) of a small aampie snowed tot Me or 
no nmhydrin-poshive Serial remained. Reside hydroxysuccinimide ester in to 
reason mixture was desttov(!d by di|udon ^ m ^ ^ ^ 

■ncubabon a. 37-C for 1 hour. The mixbam was ,„,„ ^ ^ ^ 32 

water, cooled ,o O'C. and brought to an apparent pH of 3.0 <g,aas electrode) with 

CM* 1000 mg (Machery-Nagel. Daren. 323,1, Germany) ^ 
0. IS aqueous TFA. Bach Chremabond was ton wasbed widt 20 nrLof lhe same 
and eluted with 4 mLof a mixmreof 0.1* TFAtacemoittf, 4* (J7 
Ace.oru.rde was removed from to eluares in a current of filtered air, and to ' 
— »l liquid removed by vacuum ceuoimgadou. Second, to .nHuoroacayl 
group was proved from to ,-amioo of to lysine by adding 3 mL of wa,er ,o each 

■mature was maintained in an ice ba,b with occasional agtadon for 3 h The 
react™ was atopped by to carelul addidon of 503 „L of glacial acede acid, and 
S o.u,o„scou,db. SK ,redfroaeua.,hispo i „«. To cominue to procedure each 
m»n,re was dduted ,o ,0 mL wi,h „a.er and to pH adjusted wdh acedc'acid .o pH 

before, except to, (a, eludon of to wanted fracUon was carried ou. „i,h 4 mL 

nmrenal p^g through unchecked was poo,ed w ith to subsequent 20 mL wash 

For each Cbromabond, to ,wo dua.es were pooled and dned down „ g ive app ro x 
« -* of to desired product N.,ed3u,,,oxycan M „, 1 am i nooxyace,y^ine.' 

* N (BOC-A„*,Lysu,e in 478 „ of DMSO aud adding 5„ N-aahylmotphoUne 

£ 1IT T M 2 me " ** ~ «.er of 

(tag cbam) b.„Un dissolved in 478 DMSO. If eitor component was 
reluctanr a tosoiv. Mm ^ ^ ^ ^ ^ ^ ^ 

"our* a, room .empemtu. my NCKS active Kt „ ^ fcy 
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NaHC03 (1 % fa Water) ^ 

diluted with 10ul H O a ,ur ^ reaCtl0n mbcture w « 

n iu M l Hj O acidified by the careful addition at O'P of An . 

(to PH 3). The mixture was loaded on a Chromab h * "** 

equilibrated in 0.1% TFA the JT u ***** 

CH3CN/0.1 % „ Tp/i Z PTOdUCt - — with 4ml of 
* IFA (2.3 v/v) and dned down. Yield was 23.8 mg 

-A- * solult 7 diSSOlVCd ^ " <*» *- «« M 

ejected at a time ont T^TT " ^ 1 *» 

^ coated w h 20% o^ " ^ * — * 

Ul the firjt five minutes after uiiectinn tk , 
*»* mllamatm rm ' m °"- lvalue was then taken 

* *~ P» of •he J£T * — " « * peak on 

*- .he eapeeteu ^ ^ » 

aliinherpurfficaUon. "°" was dnsd *>»» Md used without 



introduced by acylatin- PEG NU • u !> ' ' ***** was 

EXAMPLE 13 

Another approach to modify G-CSF ,u* ~ -1 *T ? 
Cys" with a linker bearin. the AoA fi , Was ^tion of 

8 ^ A ° A fiinCt, ° n W 0lder ^ place a reactive AoA at 
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this position. In the case of G-CSF there was only a single Cys residue. For this 
purpose was used the linker compound 

Boc-NH-O-CHj-COHN-CCH^-NH-CO-CHj-Br 
The Boc group was removed and the linker rapidly added at a 20mM concentration 
to rh-G-CSF solubilized in a 0.1M phosphate buffer (Na), pH 7.0, 5mN EDTA and 
6M GuHCl. After 30 min. incubation, the solution was acidified. The alkylated G- 
CSF was purified by reverse phase HPLC and characterized by mass spectrometry 
Med. m/z 18971.8, found, m/z 18978.2+7.8). The protein was then resolubilized 
hi acetate buffer (0.1M Na), pH 4.6 containing 6M GnHCl and reacted with a PEG- 
CHO (from Example 12 above). The extent of polymer conjugation was 
comparable to that obtained in the two-step coupling at the N-terminus described in 
the previous example. If the alkylation with the preceding linker is performed at 
higher pH values (e.g. pH 8.0, pH 9.0) histidine and methionine residues will also 
be modified. 

EXAMPLE 14 Site,Spenfir Modification ^ r»n j „^ tion ftf , Prn ,„ ;n . 
Modification and Tnnjnoa tion nf rh.n.r<;p 

A small bivalent tag, containing a group reactive with a 
functionalized polymer of the invention, can be added to the protein in a large 
excess and will therefore react rapidly with the created glyoxylyl function in the 
protem. In a second step the functionalized polymer is added to achieve conjugation 
to the protein via the tag. This two-step approach is useful, for example, when one 
w Is hes to avoid or minimizes both steric problems and those that might be caused 
by side reactions. A illustrative small, bivalent tag is a bisaminooxy ta» H,N-0- 
C^CO-LystCO-CH^-NH,) was synthesized by the attachment of Boc-AoA-ONSu 
to Lys-OMe, followed by NaOH treatment and TFA deprotection (calcd M+H 
293:1; found M+H 293.9). To complement an AoA group on the protein a ' 
functtonalized polymer having a reactive carbonyl group was used for conjugation 
PEG-NHj was reacted with carboxy-(benzaldehyde)-ONSu to give a polymer with 
the required aldehydic function for reaction with the AoA-tagged G-CSF, yielding 
the final product: & 

PEG-NH-CO- W -CH=N-O-CH 2 -C0-LysCO-CH J -O-N=CH-CO-^Met'mG-CSF 
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Tnsp-aminoethyDamine, used in Example 10 was .kT"^ 
equivalent of Boc-NH-0-CH.-COOSu in DMSO The ft n T- 
was isolated by HPLC ehT, • , ™ e ™y ^stunted derivative 

oy uflc, characterized by ESIMS fcalrw m * , 
m/z 665 V n,,. • . 1 M & M, m/z 665.5, found 

111/2 om.3). The matenal was deprotected hv ih tba . 

This conjugate can be reacted with PEG-CHO to 
armed derivative i e a hi „ , Y W 3 tw °-P°*ymer 

nvative, i.e. a bi-polymer-containing functionalized polymer 

polvmer , ^ ^ ^^^"taining functioned 

f mCr ; " - be especiaHy if the aim of the polymer 

l£Z V2 l 4 T' would te morc ~ such — - 

structure ° ' *" ^ » "» ^ * W«* ^r of this 

H *N-0-ra,-CO-X-(L ys (Ser))n 

- M. ClT y i :r Pa,M '~ ! —~ » «* ^Pacification 
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The invention now being fully described, it will be apparent to one of 
ordinary skill in the art that many changes and modifications can be made thereto 
without departing from the spirit or scope of the appended claims. 



1 
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WHAT Ts pt a^gP T1- 



^ A taiona^ po,^, an organic polymer covalemly 

attached to an amtno-oxy oxtae-formins group. 



L JT ft " ,Cti °° a,i2e<, P0 ' ynMr °' ^ WhCreta * ■»«* Po^r is 
attached 10 two amino-oxy groups. 

"arch.dcxtnncs.hydroylactcaofatarch.polyalklycneslvcol J- , 

heparin, polyvin.l 2 w,t,„i , • I™")"'" glycol, heparin, fragments of 

yeOtyO DL-aapam^e, po^xjehytaed po„o IS , and polynucleotides. 

<• ^^^POlynerofClataS.wlutreinUtepolyalUvan^. ■• 
--- Horn the group consisrlng „ ^ ^ " 

T~? glyco, homopo^' 

Polypropylene glyco, homopo^mers, and copolymers of ^ ^ 
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8. l^e functionalized polymer of Claim 5, wherein the polyoxyethyiated polyol 
* selected from the group consisting of polyoxyethyiated sorbitol, polyoxyethyiated 
glucose, and polyoxyethyiated glycerol. 

fc H. fcncUonaUzcd polymer of Claim !. wherein the po lynl er has e staler 
weight average of about 200 to 200,000. 

10. The finalized polymer of Claim 9, wherem ,he po,ymer has a molecuhr 
weight average of about 400 to 50,000. 

11. The functionalized polymer of Claim 10, wherein the polymer has a 
molecular weight average of about 2000 to 40,000. 

12. The functionalized polymer of Claim 5, wherein the molecular weight 
average of dextran or its derivatives is 10,000 to 500,000. 

13. The functionalized polymer of Claim 5, wherein the polymer has the formula 
Rl-0(R2-0)nR2-R3 

where n is an integer between 5 and 2,000, R2 is a lower alky! group which is 
straight, branched, disubstituted, or unsubstituted, and (a) one of Rl Md R3 
comprises an amino-oxy oxime-forming group and the other of Rl and R3 is 
hydrogen, -CH3, or a protective group, or (b) both Rl and R3 comprise an amino- 
oxy oxime-forming group, and where either or both of Rl and R3 optionally 
comprise a spacer group. 

14. The functionalized polymer of Claim 13, wherein the protective group is an 
aikyl group. 

15. The functionalized polymer of Claim 14, wherein the protective group has 
between 1 and 10 carbons. 



i 
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16. 

methyl, 



19. 

20, 



The fonctionalized polymer of Claim 15 wherein th, 

wnere "t the protective group is 

17- The functionalized polymer of Claim 13 wherein n i 
and 1000. * Crem n 15 a »"teger between 10 

18. The functionalized polymer of Claim 13 wherein * - 
fonnm ggroupcomprises . ^ - — oxy oxime- 

CHO-H4- ^ wherein R4 , ^ ~ « -er group co mprising ^ 

- — • *— «. or cyclic loweTa^ " 
^ fUnCU ° naIi2ed P 0l ^r of Claim 18, wherein R4 is -CH2, 

20- The functionalized polymer of Claim 1 bavin, th, t . 
or (P) 0 L-X-C(R) 0 . wherein P is the Jl , ^ 
X is a spacer group R h J * m h 311 ^ from 2 to 10 

21- The functionalized polymer of Claim 20 wherein X cn • 

CHOH- in the formula <P)m L -X-0-NH, ^ ^ °< " 

22- The fonctionalized polymer of Claim 21 wherein v 

-NH-CO-CH,- m the f onnuIa (P^^' ^ X <*»*e or 

23- The funcdonalized polymer of Claim 20 wherein v 

or -CHOH- in the f ormuIa 0> )mL . x . C(R)o * ^ X ~« -CO-, 

24- The functionalized polymer of Claim 20 wherein L , 

*e formula NOW-NH-), wherein R5 Cflm • ^ * «* 

or aromatic g ro up ^ 4 * ^stituted 
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25 



The functionalized polymer of Claim 24, wherein R5 is selected from the 
group consisting of phenyl or C r C 10 alkylene moieties, C r C 10 alkyl groups, ora 
combmatxon thereof, an amino acid peptide, an oligonucleotide, an oligosaccharide 
a bp ld chain or a combination thereof, and may contain heteroatoms. 

26. The functionalized polymer of Claim 24, wherein R5 is -CH2-CH2-. 

27. A method of systematically modifying the Stokes radius of an organic target 
macromolecule, comprising the steps of 

(a) obtaining a site-specifically-functionalized target macromolecule 
comprising a first oxime-forming group, 

(b) obtaining a series of functionalized organic polymers differing 
from each other in the series in topology but not molecular weight(average) 
comprising a second oxime-forming group complementary reactive to the first 
oxime-forming group, and then 

(c) conjugating the functionalized target macromolecule separately 
with each functionalized polymer via oximation to obtain a series of conjugated 
polymers, wherein steps (a) and (b) are performed in any order. 

28. The method of Claim 27, which further comprises the step of 

(d) identifying a change in a biological or physical property of a 
conjugated polymer of step (c). 

29 The method of Claim 27, wherein the second oxime-forming group comprise 
-ONH-. 
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